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1. Purpose. The purpose of this Public Works Technical Bulletin 
(PWTB) is to transmit current information on composting 
technology and procedures that can be implemented at Army 
installations. 

2. Applicability.  This PWTB applies to all U.S. Army facilities 
engineering activities. 

3. References. 

    a. AR 420-49-02, Facilities Engineering Utility Services, 28 
May 1997. 

    b. U.S. Environmental Protection Agency (USEPA), Composting 
Yard Trimmings and Municipal Solid Wastes, 530-R-94-003, May 
1994. 

    c. On-Farm Composting Handbook, Northeast Regional 
Agricultural Engineering Service-Cooperative Extension, NRAES-54,  
June 1992. 

4. Discussion. 

    a. AR 420-49 contains policy and criteria for the operation, 
maintenance, repair, and construction of facilities and systems, 
for efficient and economical solid (nonhazardous) waste 
management including source reduction, re-use, recycling, 
composting, collection, transport, storage, and treatment of 
solid waste.  Chapter 3 gives general guidance on all aspects of 
solid waste management, including composting (in section 3-3i). 

    b. Organic, compostable materials comprise a large fraction 
of the municipal solid waste stream.  Capturing these for 
composting will reduce the volume of waste that an installation 
would otherwise dispose of in a landfill.  Compostable materials 
include yard waste, food scraps, and some paper products.  The 
finished compost product can provide soil conditioners, landscape 
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mulch, backfill, resurface material for eroded areas, and 
landfill cover. 

    c. Appendix A gives detailed information on composting 
techniques and equipment applicable to large scale operations at 
Army installations.  Appendix B lists sources of additional 
information. 

5. Points of Contact.  HQUSACE is the proponent for this 
document. The POC at HQUSACE is Mr. Malcolm E. McLeod, CEMP-RI,          
202-761-0206, or e-mail: malcolm.e.mcleod@usace.army.mil.  

Questions and/or comments regarding this subject should be 
directed to the technical POC: 

U.S. Army Engineer Research and Development Center 
Construction Engineering Research Laboratory 
ATTN:  CEERD-CN-E (Stephen D. Cosper) 
2902 Newmark Drive 
Champaign, IL  61822-1072 
Tel. (217) 398-5569 
FAX: (217) 373-3430 
e-mail: cosper@cecer.army.mil 
 

 

FOR THE COMMANDER: 

 

 

 

 
 
DWIGHT A. BERANEK, P.E. 

Chief, Engineering and 
Construction Division  

Directorate of Civil Works 
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APPENDIX A 

Installation Composting Guide 

1. Framework for Composting 

a. Introduction. 

(1) An integrated approach is vital and necessary in the 
planning and development of a solid waste management program.  
Planners in Federal, State, and local governments, and in the 
private sector consider a hierarchy of methods for this 
integrated solid waste management (ISWM) program:  source 
reduction, recycling and composting, incineration, and 
landfilling.  Source reduction prevents problems associated with 
disposal and is the most favorable waste management tool.  
Recycling (including composting) diverts wastes from incinerators 
and landfills and provides for the reuse of resources.  
Incinerating waste is next in the hierarchy; it reduces volume 
and can recover energy.  Landfilling is the least preferred waste 
management method.  (Landfills are very costly to site and 
maintain.)  The installation ISWM program may include any 
combination of these methods.  This guide addresses composting. 

(2) Military installations could cut their reliance on 
dwindling landfill space by as much as 50 percent by implementing 
a compost program.  Huge volumes of yard waste (green waste), 
papers, food waste, and other organics can be composted in a 
simple, outdoor windrow system.  Diverting this large amount of 
municipal solid waste (MSW) from landfills could greatly aid 
military installations in meeting Federal/State waste reduction 
goals.  Figure A1 shows what our solid waste is composed of, 
based on national averages.  The potentially compostable fraction 
would be the yard trimmings (13.1%), food (10.4%), wood (5.2%), 
and 70% of paper products (27%).   Of course, many paper products 
such as newspaper and cardboard are actively recycled. The food 
waste figures include uneaten food and food preparation wastes 
from residences, commercial establishments, institutional sources 
such as school cafeterias.  It does not include waste from food 
processing industries.  This is a total of 56% of the total solid 
waste stream.  Currently, only 27% of solid waste is recycled or 
composted, nationwide. This does not count private citizens 
composting in their back yards. 

(3) Most food waste is technically compostable, i.e., edible 
means compostable.  However, some materials are difficult to 
handle or take longer to biodegrade such as fats, bones,  and 
eggshells.  On average, roughly 70% of food wastes would be 
easily compostable given that proper conditions are present. 

(4) Many States have recycling goals and ban landfill 
disposal of materials such as yard waste and tires.  Under the 
Federal Facilities Compliance Act, Army installations must follow 
State policy in these matters.  Figure A-2 shows the States that 
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have banned yard waste from their landfills.  Because yard waste 
can comprise nearly one half of the solid waste stream, banning 
the landfilling of yard waste has dramatically increased the life 
expectancy of some States' landfills.  States also have their own 
recycling or waste reduction goals.  Although there is no real 
enforcement mechanism, the military should try to meet these 
goals because Army installations are a large and integral part of 
States' economies. 

Figure A-1.  Materials generated in 
MSW by weight.  (Source:  
Characterization of Municipal Solid 
Waste in the United States:  1997 
Update; USEPA; Office of Solid Waste; 
Report No. EPA530-R-98-007; May, 
1998.). 

Figure A-2.  States with yardwaste bans (Source:  USEPA 
Factbook). 

A-2 
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(5) Planning and Management 

(a) This document focuses mainly on the technical aspects 
of composting yard wastes as well as other compostable materials.  
However, planners must consider several other issues. 

(b) In the initial planning stages, make every effort to 
involve all interested parties because there are a host of 
regulatory, social, and economic issues that must be addressed.  
The siting of any type of waste management facility can spark 
heated citizen reactions.  The situation is a bit different on a 
military installation, but you still want to be a good neighbor, 
and you certainly do not want to adversely impact soldiers in any 
way. 

(c) The first question is, what are the goals of the 
composting program?  Clearly define the goals and whatever 
pressures are pushing you to reduce waste.  Then, who will own 
and/or operate the compost program — the Federal government or a  
private contractor? 

(d) Then you will need to assess the solid waste stream.  
What fraction is compostable?  Where is it generated?  What type 
of collection system will most efficiently gather the highest 
portion of compostables?  The type of waste will, in part, 
influence the choice of composting technology. 

(e) If the composting facility will be Federally owned, 
you will have to site the facility on the installation, ideally, 
downwind from the cantonment area, well within installation 
boundaries, with clay-type soil high above the water table. 

(f) Who will use the finished compost?  In many cases you 
will have a built-in market; large troop-based installations are 
analogous to small cities.  You must compare your potential 
compost generation to the demand.  Also, weigh the cost of 
constructing and implementing composting against landfill 
diversion, and the value of finished compost. 

(g) These types of questions must be addressed before 
expending funds on equipment or site design.  A software tool 
that can be used to help estimate the cost of composting and 
material quantities is “Solid Waste Options,” available from the 
listed ISD or CERL POCs for this PWTB.  Appendix B lists useful 
references and State-by-State POCs who can answer many questions. 

2. Compost Science & Techniques 

a. Composting is a controlled biological decay process 
involving many species of microorganisms and invertebrate animals 
(i.e., bugs).  However, humans can intervene in this natural 
process by manipulating the organic materials and environmental 
conditions to speed up the composting process.  The biological 
and physical processes are highly interrelated. 
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b. Science.  The main factors that influence the composting 
process are: 

• 

• 

• 

• 

• 

Carbon and Nitrogen Content (C to N ratio) 

Oxygen (O2) Concentration 

Moisture Content 

Particle Size 

Temperature. 

c. Carbon and Nitrogen Content 

(1) Carbon (C) and nitrogen (N) are required nutrients for 
microorganisms to grow and multiply.  Ideally, the compost 
operator should strive for a ratio of approximately 30 parts 
carbon to 1 part nitrogen (by dry weight).  The correct C/N ratio 
(C:N) allows for rapid and efficient degradation of organic 
material.  Typically, green, wet plant materials have a low C:N 
(high N), and brown, dry materials have a high C:N (high C).   
Table A-1 gives examples of this. 

Table A-1.  Examples of high N and high C materials. 

Green Materials (High N) Brown Materials (High C) 

Fresh grass clippings Dried leaves and plants 

Manure Wood chips 

Garden plants Dried crop residue 

Food scraps Hay, straw 

Green leaves Tree bark 

Sewage sludge (biosolids) Waste paper 

 
(2) Too low a C/N ratio (low C, high N) will cause the 

material to degrade too rapidly, usually producing unpleasant 
odors, under anaerobic conditions.  Too high a C/N ratio (high C, 
low N) will slow or even stop the composting process.  In 
reality, the correct ratio can be difficult to achieve.  Some 
trial and error may be necessary because obtaining the correct 
mixture is more of a learned skill than a precise science.  
Nonetheless, Section gives a sample calculation. 

d. Aerobic Degradation 

(1) Microorganisms need an adequate supply of oxygen to 
effectively degrade organics into carbon dioxide (CO2), humus, 
and inert mineral compounds.  This is called aerobic 
biodegradation. 
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(2) Without oxygen (anaerobic conditions) organic materials 
will still degrade.  This is what occurs in landfills and 
wastewater sludge digesters.  However, the products of anaerobic 
degradation include methane (CH4) and noxious sulfur compounds 
(which yield a characteristic “rotten egg” odor).  The result is 
a smelly mess. 

(3) As the aerobic degradation proceeds, the microorganisms 
deplete the available oxygen inside the compost pile.  Air must 
periodically be introduced into the pile in a variety of ways.  
In backyard composting, the pile is simply turned with a shovel 
or pitchfork.  Compost is turned mechanically in large-scale 
composting facilities using either front-end loaders (wheel 
loaders) or specialized machines known as “windrow turners.” 

e. Moisture Content 

(1) Water is another essential element for successful 
composting.  Water dissolves the organic and inorganic nutrients 
in the pile making them available to soil organisms for metabolic 
processes.  Ideally, the moisture content of the compost pile 
should be between 40 and 60 percent by weight.  Too wet a pile 
will bring about anaerobic conditions, while a lack of moisture 
will slow or stop biodegradation. 

(2) Compost facilities in regions with dry climates will 
have to add water periodically to maintain the correct moisture 
balance. 

f. Particle Size 

(1) The surface area of organic materials exposed to soil 
organisms also determines the rate of composting.  The more 
finely ground a material, the higher the surface area per unit 
weight.  To increase the rate of decomposition, large pieces and 
hard materials should be ground, shredded, chipped, or otherwise 
reduced in size.  This is especially important for woody 
materials, large garden plants, and some food scraps (e.g., 
citrus rinds, onions, broccoli). 

(2) Again, a careful balance must be struck.  Small particle 
size does increase the decomposition rate.  However, it also 
reduces the porosity, or air void space, of the pile.  Low 
porosity restricts the flow of oxygen into and throughout the 
pile, causing oxygen depletion and anaerobic conditions. 

(3) The solution to decomposition problems caused by too 
much “same-sized” composting materials is to ensure a combination 
of fine and coarse materials in the mix.  A mix of leaves and 
grass should be augmented with a bulky material (e.g., wood 
chips) to increase porosity.  In fact, wood chips are often 
referred to as a bulking agent, especially in large industrial 
composting facilities. 
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g. Temperature 

(1) A well-operating compost systems will hold interior 
temperatures between 90 and 140 ΕF.  The temperature is measured 
with a long stemmed thermometer (figure A-3), at a depth of at 
least 18 in. Temperatures above 140 Ε F will begin to limit 
microbial activity.  Exceeding 160 ΕF can be lethal to your 
helpful soil organisms. 

(2) Maintaining high temperatures is necessary for rapid 
composting, as well as to destroy weed seeds, insect larvae, and 
potential plant and human pathogens. 

(3) All of the above physical factors are important for 
successful composting.  However, of these, temperature is the 
most important for monitoring.  By recording and graphing the 
temperature over time, the operator will have an excellent grasp 
of the status of the “windrow.”  After raw compost is first 
placed, the temperature will rise to a plateau of around 140 ΕF 
(depending on the external temperature).  If the temperature 
rises above the plateau, or begins to decrease, then it is time 
to turn the windrow to introduce more oxygen.  The act of turning 
will dramatically lower the interior temperature, but it will 
rise again to the plateau.  If, after adequate time and several 
turnings, the temperature does not increase after a turn, this is 
a good indication that the windrow has finished composting. 

Figure A-3.  Compost thermometer. 
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h. Summary.  Table A-2 gives a summary of the optimal 
composting parameters discussed in this section. 

Table A-2.  Summary of optimal composting conditions. 

Condition Preferred Range 

Carbon to Nitrogen ratio (C:N) 25:1 to 30:1 

Moisture content 50 to 60% 

Oxygen concentration >5%; high as possible 

Particle size should contain a mix of sizes, 
from very small to 2-3 in. 

pH 6.5 to 8.0 (neutral) 

Temperature 130 to 140 F 

 
(1) Mix Design 

(a) Combining the above factors into a successful compost 
process is a learned skill.  Nonetheless, a good compost mix can 
be planned and modeled mathematically.  This can be done on 
paper, with a spreadsheet, or with an automated computer program.  
Figures A-4 and A-5 show a spreadsheet model used to calculate 
the correct mix between five different materials. 

(b) The user may input known data about the materials 
into a spreadsheet.  (Figure A-3 shows a good model with 
formulas.)  In the spreadsheet shown in Figure 3, the user inputs 
the information in the light gray shaded cells:  product name, 
%C, %N, %moisture, bulk density (lb/cu yd), and daily (or batch) 
volume (cu yd).  The %C and %N are obtained through laboratory 
analysis or can be found in commonly available reference books.  
If your reference book gives %C and C:N, you can back-calculate 
%N, or vice versa.  Percent moisture and bulk density are best 
determined through field measurements.  Note that this 
spreadsheet works equally well for English or metric units.  Just  
be consistent throughout in your choice of units for volume and 
weight (mass). 

(c) After entering the material properties, the user 
simply adjusts the daily volumes by trial and error until the C:N 
and moisture content for the mixture fall into the acceptable 
range. 

(d) If moisture must be added to the compost, simply add 
another product line to the spreadsheet for water with %C=0, 
%N=0, %moisture=100, and bulk density=1,685 lb/cu yd (1000 kg/m3).  
Then adjust the daily volume of water until the %moisture for the 
mixture is about 50. 
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Figure A-4.  Recipe spreadsheet. 

(e) Figure A-5 shows the same spreadsheet as shown in 
figure A-4, except that the calculated values are replaced 
with the formulas, to allow the readers to easily reproduce 
this spreadsheet on their own computers. 

(2) Techniques 

(a) Several different techniques are used in composting.  
The selection of the correct method depends on the type of 
material to compost, the amount of land area available, and the 
available budget.  This document focuses on windrow composting of 
typical yard wastes, such as grass, leaves, wood, etc.  However, 
each technique presented in this section is described for its 
applicability and for the pros and cons involved in its use. 
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i. Home or Backyard Composting 

(i) Backyard composting is the most practical and 
cost-effective method for managing yard wastes and some food 
wastes from single family housing areas.  It eliminates the need 
for specialized collection systems (vehicles) and centralized 
composting facilities (permitting).  This type of program is 
limited only by the motivation of the residents and 
resourcefulness of the program administrators.  Additional source 
material can be found at URL:  http://www.epa/gov/epaoswer/non-
hw/compost/index.htm.  Table A-3 lists materials to include in 
(or exclude from) backyard composting. 

Figure A-5.  Test recipe with formulas. 

(ii) Factors against backyard composting include:  
lack of command support, lack of space in yards, resistance from 
residents, and the low percentage of residents in single family 
housing. 

(iii) The most common method for backyard composting 
is to place an appropriate mixture of materials into a bin or a 
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series of bins.  These bins should be at least 1 cubic yard in 
size to properly maintain heat. 

(iv) Composting bins can be purchased or constructed 
from inexpensive materials.   A simple wooden compost bin could 
easily be made with discarded wood scraps (like those taken from 
old pallets).  A more sophisticated three-section wooden bin 
(figure A-6) could be used in turning the compost and/or to allow 
the composting of different materials at different stages.  If 
you are constructing bins of wood, do not use pressure-treated 
lumber unless you are certain that the resulting compost will not 
be used in growing food. 

Table A-3.  Materials to include in and exclude from backyard 
composting. 

Materials Suitable for Backyard 
Composting 

Materials Not Suitable for 
Backyard Composting 

Plants, weeds, grass Bones 

Bread, coffee grounds and 
filters, egg shells 

Pet manures (e.g., dog or cat) 

Farm animal manures Dairy products 

Garden trimmings Diseased plants 

Leaves Meat scraps 

Straw Mayonnaise, salad dressing, 
cooking oils,  lard 

Soiled or nonrecyclable paper 
(shredded) 

Noxious weeds like poison ivy or 
nightshade 

Wood chips, twigs, shredded 
branches, and sawdust 

Weeds that have gone to seed 

Fruit and vegetable scraps  
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Figure A-6.  Three section wood bin. 

(v) Bins are also available commercially at garden 
centers.  Most of these are made from plastic to prevent rotting.  
The least expensive bins could be made of a simple plastic 
cylinder, which might be used as an enclosed backyard bin.  The 
enclosed models might be more appropriate when there is little 
backyard space, or when composting a high percentage of food 
scraps.  Some of the enclosed models are insulated to allow 
backyard composting throughout the winter months in cold 
climates. 

(vi) One of the most dramatic impacts that a 
resident can make is to simply leave grass clippings on the lawn.  
There is no reason to bag grass clippings, especially with the 
current availability of mulching mowers.  The clippings will 
decompose naturally and return some nutrients back to the soil. 

ii. Static Pile 

(i) A comprehensive composting program will require 
a central facility to handle compostable materials from 
residential areas, grounds maintenance, and possibly food wastes 
and nonrecyclable paper.  Four different types of centralized 
composting facilities are applicable to Army installations:  
static pile, turned windrows, aerated windrows, and in-vessel. 

(ii) Static piles are the simplest and least 
expensive method of large scale composting.  In fact, the word 
“composting” may not really apply.  The idea is to simply make a 
large pile of homogeneous materials that you wish to decompose 
over time.  The best example is a leaf pile. 

(iii) A static pile should only be used for 
materials with high carbon content (very high C:N).  The goal is 
to have the pile degrade very slowly to eliminate the need for 
any human intervention.  Too much N will cause rapid 
decomposition and require that the pile be turned to avoid 
anaerobic conditions. 

(iv) Static piles should be kept in windrow 
formation for convenience and safety reasons.  In the unlikely 
event that the pile should begin to smolder, it would be much 
easier to reach and extinguish the material in a windrow rather 
than a pile that is high, wide, and deep. 

(v) Static windrows are also used for curing and 
storing finished compost. 

iii. Turned Windrows 

(i) Turned windrows are the most common type of 
central composting facility.  They are most often used for yard 
wastes, leaves, wood chips, and manure.  They can also be used 
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for food wastes, sewage sludge, and nonrecyclable paper under 
carefully controlled conditions. 

(ii) Windrows do require a large land area for 
implementation, not only for the rows themselves, but to allow 
enough space for mixing, stockpiling, and maneuvering the large 
machinery involved in moving and turning material (see Section 3, 
p A-14).  Figure A-7 shows compost windrows at Fort Riley. 

Figure A-7.  Windrows at Fort Riley. 

(iii) Because windrows are exposed to the elements, 
aeration, moisture, and temperature must be monitored and 
maintained.  Composting time is quite variable with this system.  
The time depends largely on frequency of windrow turning. 

(iv) Turned windrows require environmental permits 
from State regulators. 

iv. Aerated Windrow 

(i) An aerated windrow is not turned mechanically to 
increase oxygen.  Rather, the compostables are piled over a 
series of perforated pipes to which a blower is attached (Figure  
A-8).  This process is most applicable for co-composting sewage 
sludge, municipal solid waste (MSW), and yard wastes. 

(ii) These systems can incorporate electronic 
controls that adjust the blower based on the internal temperature 
of the pile.  The blower can either pull or push air through the 
pile.  Pushing air through the pile guards against clogging the 
pipe.  Pulling the air through allows you to trap any odors in a 
biofilter — a container of activated carbon, finished compost, or 
similar organic material. 
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Figure A-8.  Aerated static pile. 
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(iii) Properly controlled, the piles are not turned 
until the end of the process.  Aerated windrows would also 
require environmental permits. 

v. In-Vessel Systems 

(i) In an in-vessel composting system, materials are 
first batch mixed* in a special mixing device to achieve the 
correct C:N and moisture content, then placed into an enclosed 
chamber or vessel.  These containers can take many forms, but a 
common format uses modified roll-off boxes (figure A-9).  These 
proprietary systems can be quite sophisticated and are designed 
to minimize composting time.  Air is blown into the box to 
provide aeration. 

(ii) Because these systems are closed, all the 
requisite environmental conditions (i.e., aeration, temperature, 
moisture) are kept at optimal levels throughout the composting 
process, which can take as little as 1 week. 

(iii) In-vessel composting is ideally suited for 
handling materials, such as food waste or sewage sludge, that 
might cause odor or pest problems if left exposed.  This system 
does not take up much space since all material is containerized. 

(iv) The cost of equipment necessary for an in-
vessel system is on the order of tens to one hundred thousand 
dollars.  However, these systems are modular in nature and can be 
easily expanded as material volumes increase. 

                     

*Batch mixing” refers to placing certain proportions of materials 
together in a container for mixing.  After mixing, the container is 
emptied, and the process is repeated.  This term is used to 
distinguish from a continuous mixing process. 
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Figure A-9.  In-vessel containers. 

(v) The big advantages to in-vessel systems is 
that there is no runoff to control, and they can be used 
without complex site preparation.  These avoided costs may 
outweigh the expense of the specialized equipment.  Because 
there is no significant earthwork or infrastructure required, 
these systems can be set up at several, or varying locations 
across the installation.  They can be moved relatively easily, 
whereas you cannot move a tradition outdoor windrow site. 

i. Summary.  Table A-4 summarizes the pros and cons of the 
composting methods discussed above. 

3. Heavy Machinery for Composting.  Currently, relatively few 
installations use composting as part of their integrated solid 
waste management strategy.  One barrier to implementing a compost 
program is unfamiliarity with and expense of the specialized 
equipment typically used in large-scale compost operations.  This 
guide gives some basic information on size reduction equipment,  
windrow turners, and screens available, and lists the pros and 
cons of these equipment types.  Appendix B lists manufacturers. 

a. Size Reduction Equipment 

(1) The particle size of organic materials slated for 
composting must be small enough to promote rapid decomposition.  
For a given amount of material, smaller particle size means 
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greater surface area exposed to soil organisms that perform the 
desired biodegradation.  However, some fraction of larger pieces 
should remain to increase porosity and allow for natural aeration 
through convection.  Unless the incoming material consists only 
of small items (e.g., leaves and grass), some sort of mechanical 
reduction will likely be necessary.  Two broad categories of size 
reduction equipment are high speed grinders and low speed 
shredders.  “High” and “low” speed refer to the rotational speed 
of the hammers or cutters, and not necessarily machine 
throughput. 

Table A-4.  Summary of compost methods. 

Method 
Land area 
required Pros Cons 

Static 
pile 

Controlled 
only by 
amount of 
material 

Low maintenance, may 
not require permit 

Limited types of 
material, slow 
degradation 

Turned 
windrow 

Large, for 
materials and 
equipment 

Simple and effective 
for wide range of 
materials; large or 
small scale 

Requires State 
permit, heavy 
machinery, 
monitoring 

Aerated  
windrow 

Moderate 
area, less 
intensive 
material 
handling 

Direct odor control, 
parameters 
electronically 
monitored and 
controlled 

Expense, 
complexity of 
control 
equipment; not 
for very large 
scale 

In-vessel Small area; 
concrete pad 
required 

Odors and vectors 
controlled; may not 
require State permit; 
fast compost times; no 
runoff; no earthwork 
for site preparation 

Complex, 
specialized 
equipment 
required; 
potential high 
capital cost 

 
(2) Tub Grinders 

(a) Tub grinders are the most common type of high speed 
grinder.  The entire unit is roughly the size of a semi-trailer 
(figure A-10).  It consists of a large “tub” that rotates over a 
high speed, horizontal hammer mill.  The output particle size is 
controlled by a perforated grate under the hammers.  Tub grinders 
process organic wastes, especially woody materials, very quickly 
and produce a uniform, chipped product.  They do not tolerate 
contamination with metals, as a large metal object in the chamber 
could do significant damage in a short time.  Drawbacks to using 
tub grinders include noise and flying debris.  Because the hammer 
chamber is open, the high speed hammers can eject material a 
significant distance from the machine unless the operator keeps 
the tub full. 
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A-16 

Figure A-10.  Tub grinder. 

(b) This equipment allows the tub to tilt up (Figure 
A-11) to allow access to the hammers, to ease maintenance, 
and to remove any debris that becomes stuck.  The hammers 
themselves each weigh 5 pounds and the wear surfaces can be 
coated with a sacrificial weld material to extend their 
useful life.  The hammers swing freely on their axis as the 
entire drum turns at high rotational speed (Figure A-12). 

(c) The size of the output from the tub grinder is 
governed by the size of the holes in the grate under the hammers.  
Usually the perforations range in size from about ½ to 3 in. 

Figure A-11.  Tilted tub grinder. 
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Figure A-12.  Tub hammers close up. 

(3) Horizontal In-Feed Grinders 

(a) The other common type of high speed grinder consists 
of an enclosed horizontal shaft hammer mill with an in-feed 
conveyor or platform.  A front-end loader places material to be 
reduced in the central section of the machine.  The material is 
then moved with a belt or hydraulic ram into the hammer mill 
chamber. 

(b) These machines can handle a wider range of materials 
than tub grinders, depending on power and configuration.  
Machines of this type (figure A-13) can grind many different 
types of debris, short of metals or rock.  It uses small, 
hardened teeth on a the high speed rotating drum.  Particle sized 
is determined by a perforated grate like a tub grinder.  
Processing material through a grate results in uniform-sized 
output, which is good for producing wood chips, but (because the 
grate is solid and has no “give”) it is more prone to clogging. 

(c) A lighter duty grinder is best suited for preparing 
mixed yard waste for composting, but not for producing uniformly 
sized wood chips (figure A-14).  Such a grinder uses a set of 
small, free-swinging hammers that rotate on a drum through a set 
of parallel bars, like a comb (figure A-15).  (Photos courtesy of 
Fecon, Inc. Composting Equipment. (photo courtesy of Fecon, Inc. 
Composting Equipment)  This arrangement results in less clogging 
and an end product that looks more shredded than chipped.  
Because the processed material is not uniformly sized, it yields 
a good mix of high surface area and porosity, important elements 
for ventilation, as discussed in Section 2 (p 8). 
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Figure A-13.  Heavy duty grinder. Figure A-13.  Heavy duty grinder. 
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Figure A-14.  Grinder with in-feed conveyer. 
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Figure A-15.  Flails and sizing "combs." 

(d) In general, both these machines are easier to load 
than a tub grinder, using a standard wheeled front-end loader (as 
shown in Figure A-14). 

(4) Chipper-Shredders.  A chipper-shredder is a small, 
portable grinder, used exclusively for tree limbs and branches.  
Chipper-shredders are typically used by electrical utilities and 
tree services in their tree trimming operations.  They are easily 
towed behind a truck as it moves to many locations in a day.  The 
chipped wood is ejected at high speed through the chute at the 
top, into the back of an enclosed truck (figure A-16).  A chipper 
shredder could be used as part of an installation compost program 
if the only material needing size reduction is a relatively low 
volume of tree limbs and brush.  This might not be adequate for a 
large troop installation. 

Figure A-16.  Chipper-shredder. 
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(5) Low Speed Shredders 

(a) The second main category of size reduction equipment 
are low speed, high torque, shearing shredders (figure A-17).  
These machines consist of two (or three) shafts with meshed 
cutting disks.  Different widths are used depending on the 
toughness of the material to shred, and the size of the end 
product desired.  The hydraulically powered shafts turn at a very 
slow speed (a few rpm), but with very high torque, which allows 
the machine to shred all types of materials: yard wastes to 
plastics to light steel. 

Figure A-17.  Shearing shredder. 

(b) Shredders would not be the first choice for reducing 
solely yard wastes.  Because they employ no particle size 
control, the output tends to be in longer strips rather than in 
chips.  However, it could be used as a primary processor for a 
modest secondary grinder or perhaps a chipper-shredder.  This 
would be an ideal arrangement if the installation needs to shred 
many different materials in addition to yard wastes (e.g., at the 
DRMO):  scrap metals and surplus, construction and demolition 
debris (C/D), or normal municipal solid wastes.  These machines 
have shown at least a four-to-one volume reduction in shredding 
C/D. 

(6) Summary.  Table A-5 summarizes the throughput and 
purchase cost of the equipment described above.  Periodic 
grinding/shredding tasks can often be done through contractors, 
thereby eliminating the need to purchase equipment. Vendors are 
typically not interested in renting out equipment.  They make 
their money from sales.  The logistics involved in continually 
transporting and maintaining these devices makes rentals 
impractical.  However, contractors would be willing to operate a 
machine at an installation on a periodic basis, because the 
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contractor's fee would include maintenance, transportation, and 
the contractor's time for operating the machine. 

Table A-5. Summary of size reduction machinery. 

Type 

Average 
Throughput 
(ton/hour) 

Cost 
Range Notes 

Tub grinder 10-25 $160-
200k 

Good for uniformly chipping 
woody materials 

Horizontal 
grinder 

15-30 $150-
190k 

Grinds variety of materials; 
many configurations avail. 

Shear 
shredder 

25-45 $300-
400k 

Shreds anything; not best for 
yard waste only 

 
b. Windrow Turners 

(1) As microbes work to degrade organic material in a 
compost windrow, they use up available oxygen inside the windrow.  
Also, air spaces in the windrow compress due to gravitational 
settling.  Without adequate oxygen, the windrow can begin 
anaerobic decomposition, which results in malodorous byproducts.  
To ensure adequate oxygen, the windrow must be turned.  There are 
many different types of machines available to do this. 

(a) Wheel Loader 

i. The simplest windrow turning device is the front-end 
loader or wheel loader (figure A-18).  The windrow is just 
scooped up and dropped a little at a time, down its length.  
Composting can also be done in a series of side-by-side concrete 
bunkers, similar in concept to a backyard bin with three 
sections.  A wheel loader would be the only choice in that 
situation. 

ii. The obvious advantage of using a wheel loader to 
turn compost is that they are relatively common.  Even a modest 
sized compost operation will need one for placing and loading raw 
and finished product.  On the downside, a wheel loader is slower 
than a specialized windrow turner and may not mix as well. 

(b) Towed Rotor.  A small, specialized windrow turner is 
the towed rotor type (figure A-19).  This unit is towed with a 
tractor or tracked vehicle and powered by its own engine or via a 
power take-off linkage (PTO).  A horizontal drum with flails or 
knives rotates at high speed and rides close to the ground to 
engage the windrow and shoot it to the rear or to the side.  It 
does a good job of mixing and aerating smaller windrows.  This 
type of machine is ideal for smaller or startup operations that 
do not want to make a large capital equipment investment.  They 
are relatively inexpensive and use existing equipment for towing. 
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Figure A-18.  CAT wheel loader. 

Figure A-19.  Towed windrow turner. 

(c) Elevating Face.  Another major type of windrow turner 
is the elevating face (figure A-20).  This self-propelled or 
towed machine uses a wide, inclined conveyor to lift the windrow 
and drop it off the back.  Wide windrows can be turned with two 
passes.  This machine does well at aerating and “fluffing” the 
pile and does not produce high speed projectiles.  It is ideally 
suited for materials that are relatively homogeneous or materials 
you wish to avoid scattering (e.g., food wastes).  Towed units 
are moderately priced, but would not do as well in mixing or size 
reduction as the drum rotor models. 

(d) Windrow Straddle.  Windrow straddle type turners are 
the largest, most effective, and the most expensive machines 
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available (figure A-21).  This self-propelled machine rides over 
the entire windrow and turns it via a horizontal, high speed, 
rotating drum with flails.  It thoroughly mixes, aerates, and 
ejects the composting material out the back, reforming the 
windrow.  The high cost (over $200k) is the only drawback to this 
type of machine.  Any long term, high volume compost program 
should seriously consider the investment. 

Figure A-20.  Elevating face windrow turner. 

Figure A-21.  Straddle type windrow turner. 
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(e) Trommel Screens 

i. The consistency (particle size distribution) of the 
finished compost will vary based on the original materials.  Some 
end uses for compost will dictate what it must look like.  For 
example, if the finished compost will be spread on damaged 
training lands to encourage revegetation, it would not matter if 
the compost contained larger wood chips or chunks of tough plant 
stems.  However, if the compost will be used in gardens and 
flower beds, then it is more important that the compost have a 
uniform, fine texture.  The best way to accomplish this is to 
screen the end product before distribution. 

ii. There are different types of industrial size 
screening machines available for different types of bulk 
materials.  The most suitable for compost operations is the 
trommel screen.  A trommel screen is basically a large, rotating, 
cylindrical sieve (figure A-22).  A wheel loader dumps compost on 
the in-feed conveyor, then the compost goes through the center of 
the trommel.  Fine material passes through the mesh, and the 
oversize is carried all the way through, and falls out the far 
end.  The trommel screen can use two different sized meshes to 
separate the compost into three different size classifications.  
For example, the first screen would be ½ in. and the second, 1 
in.  The result would be three separate piles:  smaller than ½-
in.,½- to 1-in., and larger than 1-in.  Conveyors can be used to 
put the sorted materials into distinct piles. 

Figure A-22.  Trommel screen. 
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iii. Large brushes at the top of the trommel 
rotate with the trommel to prevent the screen from 
clogging. 

4. Army Case Studies.  Although composting has not yet become 
widespread in the Army, some installations have developed 
successful composting programs.  Their successes and “challenges” 
will pave the way for the rest of the Army.  This section 
profiles composting programs at Fort Riley, KS and Fort Sill, OK. 

a. Fort Riley 

(1) The composting program at Fort Riley is managed by the 
Directorate of Environment and Safety (DES).  It is part of a 
complex called the Environmental Waste Management Center (EWMC).  
In addition to composting activities, the Center collects and 
processes antifreeze, fuels, and household hazardous wastes.  
They also have an enclosed area where, in cooperation with State 
regulators, they are trying different bioremediation strategies 
on soil contaminated by leaking underground storage tanks.  DES 
has several employees stationed at the EWMC, but their duties are 
quite varied.  The composting program alone requires the 
equivalent of 1.5 full-time employees. 

(2) The actual composting takes place on a concrete pad 
(roughly 100x300 feet in area) surrounded by an earthen berm.  
Because this was one of the first large scale composting 
operations in the State of Kansas, State environmental regulators 
were somewhat stringent in their site requirements, preferring to 
err on the side of safety. 

(3) Grass, leaves, and wood chips comprise the majority of 
materials composted.  Fort Riley also composts manure and bedding 
from horse stables and a bison herd.  Contractors pick up yard 
wastes from the residential areas and deliver them to the compost 
site.  Residents may set out either paper or plastic bags, but 
paper is preferred, because DES employees often have to de-bag 
the yard waste in plastic bags by hand.  Paper bags are allowed 
to compost with the yard waste.  In the future, DES staff may 
perform the residential collection themselves since, that way, 
they could better ensure that contamination would be eliminated 
from the yard waste.  Soldier and contractor grounds crews bring 
grass clippings and other debris from around buildings in the 
cantonment area.  All of the raw material delivered to the 
compost site is placed directly on the concrete pad in windrow 
formation (figure A-23).  Most of this material requires no 
grinding as it is mostly grass and leaves. 

(4) Windrows are turned about once per week using a Sittler 
towed rotor type windrow turner (figure A-8).  Staff track the 
temperature and moisture content of the windrows.  They have a 
sprinkler system available in case the piles dry out due to lack 
of rain and high winds.  Their typical mixture of leaves and 
grass takes an average of 4.5 months to fully compost.  After the 
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degradation process is complete, the material is run through a 
trommel screen with 0.5 and 0.75-in. openings.  This results in a 
fine, uniform, rich compost (figure A-24) that is used for 
landscaping on post, and by the Natural Resource and Land 
Management offices.  In fact, the finished compost is of such 
high quality, the Directorate of Public Works is considering 
bagging it for distribution to the housing areas. 

Figure A-23.  Fresh compost at Fort Riley. 

Figure A-24.  Finished compost at Fort Riley. 
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(5) The compost program at Fort Riley processed about 
1,200 cu yd of material in fiscal year 1996.  The POC for the 
Fort Riley compost program is: 

Doug Schonberner 
Chief Recycle Branch 
Directorate of Environment and Safety 
Attn:  AFZN-ES-R 
Bldg 1970, 2nd Street 
Fort Riley, KS 66442-6016 
(913) 239-8144 
(913) 239-8535 (fax) 
schonbed@riley-emh1.army.mil 

b. Fort Sill 

(1) The Fort Sill compost program is an ambitious, large- 
scale, long-term project.  Planning began in 1992 in the 
Directorate of Environmental Quality (DEQ).  They prepared a 
Compost Facility Business Plan that went into much detail on 
regulatory requirements, solid waste assessment, composting 
operations, cooperation with their host community, and, 
especially, an economic analysis of the program.  The original 
plans called for the eventual composting of many different types 
of materials:  land clearing debris, leaves, food wastes, sewage 
sludge, and nonrecyclable paper.  Construction was scheduled to 
begin shortly thereafter; several years were allowed for the 
construction and permitting process. 

(2) One of the most important considerations is how to 
market, or otherwise use the finished compost.  Fort Sill is the 
Army’s field artillery school, and has a high volume of military 
vehicle traffic as part of training exercises.  This type of 
activity invariably rips up vegetation and causes erosion 
problems.  This is an especially serious problem because the 
native soil and vegetation is rather poor.  Therefore, a rich 
source of organic material is just what they need.  Directorate 
of Natural Resources (DNR) staff estimated that they could use 
more compost on the training lands than the composting site could 
ever produce.  This built-in market eliminates the concern for 
finding public or commercial markets outside the base. 

(3) The site selected for the compost operation was an empty 
field adjacent to the landfill (figure A-25).  This site is a few 
miles northeast of the main cantonment area, thereby eliminating 
the possibility of odor complaints.  Also, trucks delivering 
compostable materials could use the scales already at the 
landfill.  Site design was performed in-house.  Special care was 
taken with the grading and earthwork to ensure correct slopes 
that drain to a runoff collection pond (figure A-26).  The 
natural soil in southwest Oklahoma is a thick, red clay.  Almost 
all of the 33 permitted acres passed the State-required 
permeability test on the first try.  The areas that did not pass 
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were simply recompacted.  Also constructed at the site was a 
cinder block building to be used as a testing laboratory, with 
benches, a restroom, and a double bay garage.  The total startup 
cost, including site preparation, building, and equipment 
purchase was under $300k. 

Figure A-25.  Compost site prior to 
construction. 

Figure A-26.  Earthwork and grading. 

(4) Three full time employees are required to keep the site 
operational.  Their duties include:  sampling and testing, 
material handling, equipment maintenance, and recordkeeping.  
Employees from both the DEQ and DNR have participated as this 
program has progressed.  Total annual cost for operating the 
compost facility at capacity is estimated to be about $650k.  
This includes, equipment, labor, and operations and maintenance 
(O&M). 
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(5) Through the summer of 1995, landscaping and Natural 
Resources crews had delivered compostables on an irregular basis.  
This allowed the staff to become familiar with the equipment and 
monitoring procedures.  In the summer and fall of 1995, the 
command decided it was time to begin composting as much as 
possible to make use of their large investment in the compost 
site.  The various compostable materials were collected in three 
ways, in addition to the landscaping material: 

(a) From the office and break room areas using special 
containers lined with biodegradable plastic bags. 

(b) From the housing areas using the biodegradable 
plastic bags for inside the house (food wastes), and wheel 
plastic carts (yard waste) to take to the alley or curb.  Figure 
A-27 shows back alley containers, for compostables and trash. 

Figure A-27.  Compostable sand 
recyclables collection from housing. 

(c) From troop units, shop activities, etc., using 
dumpsters placed around the post.  Figure A-28 shows two 
dumpsters near the recycling center—one for compostables, and the 
other for trash.  Figure A-29 shows the sticker placed on 
compostable bins at each residence and dumpster. 

(6) Materials arriving on the site are dumped in a concrete 
bunker (figure A-30).  There they are mixed with a wheel loader, 
then transferred to a Rotor Grind, horizontal shaft hammer mill 
for grinding (figure A-31).  Fort Sill purchased this grinder 
because if its high power and ability to grind a wide variety of 
materials.  For the most part, the grinder worked very well, but 
it would sometimes get plugged up with some of the softer or 
wetter material.  Windrows are turned with a Scarab straddle 
turner, which worked very well, although the turner would 
occasionally get stuck in the mud. 
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(7) In case of drought (a common Oklahoma occurrence), the 
windrows are kept moist with a pump set up to draw water from the 
run off retention pond connected to a sprinkler system (figure A-
32).  The installation has recently begun to use a water truck 
similar to those used in street cleaning. 

Figure A-28.  Compostables and 
recyclables collection via dumpster. 

Figure A-29.  Sticker on 
compostable receptacles. 
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Figure 30.  Mixing bunker. Figure 30.  Mixing bunker. 
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Figure 31.  Grinder. 
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Figure 32.  Water pump. 

(8) The described system of collecting all compostables from 
all sectors did net large quantities of materials—an average of 
500 tons per month.  However, the volume and mix of materials 
also caused some problems with unacceptable levels of 
contamination.  Staff estimated that only 2 percent of the office 
compostables were sorted correctly.  The contractor collecting 
from households was not discriminating enough.  Staff received 
many calls from households trying to decipher just what was and 
was not compostable.  The collection via dumpsters was a 
completely hit-or-miss situation.  It appeared that most people 
did not notice or may have simply disregarded the instructions on 
the sticker (figure A-29). 

(9) Eventually, the windrows contained too much 
contamination (especially plastics) to be useful.  In the summer 
of 1996, the decision was made to suspend the program, pending a 
re-evaluation of the collection procedure and a cleanup of the 
composting site.  Fort Sill restarted the program in the fall of 
1996 using a “phased approach,” that is -- running at full 
capacity on "simple" homogeneous materials (like grass and 
leaves) first, and then start adding other materials one at a 
time. 

(10) In simple terms, the lesson that Fort Sill’s experience 
shows is to “learn to walk before you run.”  Begin composting 
with simple materials until you get the bugs worked out of your 
systems.  Start with a mix that has a slightly higher C:N 
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concentration (for example, 30:35).  This will slow the 
degradation and minimize the chance of anaerobic odors while 
getting a program started.  Public education also plays a big 
role in eliminating contamination and will take time.  Remember 
that people did not start recycling overnight. 

(11) Fort Sill has an excellent compost site, and some of 
the best equipment available.  The program has grown into a 
successful venture that now composts a high volume of organics.  
Their current mix includes 50% tree trimmings, 30% pallets and 
ammo boxes, 15% sewage sludge, and 5% grass and leaves.  Their 
material sources include land clearing for new construction, DPW 
grounds crews, and various supply locations (recycling collection 
sites).  Fifteen percent of finished compost is used by DPW 
grounds crews for landscaping and the rest is used for land 
conservation in training areas. 

(12) The POC for the Fort Sill compost program is: 

Glenn Wheat 
Chief HazMat/Waste Management Division 
Directorate of Environmental Quality 
Attn:  ATZR-B 
Fort Sill, OK  73503-5100 
405-442-3234 
405-442-5722 (fax) 
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APPENDIX B 
 

References 

1. This appendix lists many different resources the reader can 
turn to for additional information. 

a. Recommended Documents 

(1) Composting Yard Trimmings and Municipal Solid Waste.  
USEPA-Office of Solid Waste and Emergency Response.  EPA530-R-94-
003.  May 1994. 

(2) On-Farm Composting Handbook.  Northeast Regional 
Agricultural Engineering Service - Cooperative Extension.  NRAES-
54.  June 1992. 

Address: 

Northeast Agricultural Engineering Service 
152 Riley-Robb Hall 
Cooperative Extension Service 
Ithaca, NY 14853-5701 
(607) 255-7654 

(3) Solid Waste Options.  Software Planning Tool.  Used to 
estimate costs and material quantities.  Distributed as 
Installation Support Division Public Works Technical Bulletin 
420-49-07, 19 November 1996.  Contact ISD at (703) 428-6085. 

b. Periodicals 

JG Press (publishers of BioCycle and Compost Science and 
Utilization) 

419 State Avenue 
Emmaus, PA 18049 
phone: 610-967-4135 
http://grn.com/grn/news/home/biocycle/index.html 
e-mail: BioCycle@aol.com 

Resource Recycling 
PO Box 10540 
Portland, OR 97296-0540 
(503) 227-1319 
(503) 227-6135 (fax) 
resrecycle@aol.com 

Composting News 
Ken McEntee, Editor 
13727 Holland Road 
Cleveland, OH 44142 
216-362-7979 
216-362-6553 (fax) 

http://ourworld.compuserve.com/homepages/mcenteemedia 
71241.2763@compuserve.com 
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c. State Contacts 

ALABAMA 
Dave Williams 
Ext. Home Horticulture 
101 Funchess Hall 
Auburn University, AL 36849 
PH: (334) 844-3032 
FX: (334) 844-9622 
EM: jdwillia@acenet.auburn.edu 
ALASKA 
Wayne Vandre 
Land Resource Program Leader 
Univ. of Alaska Fairbanks 
2221 E. Northern Lights Blvd. 
Suite 118 
Anchorage, AK 99508-4143 
PH: (907) 279-6575 
FAX: (907) 277-5242 
EM: afwgv@acad2.alaska.edu 
ARIZONA 
Douglas Dunn 
Cooperative Extension Service 
450 South Haskell Avenue 
University of Arizona 
Wilcox, AZ 85643 
PH: (602) 384-3594 
FX: (602) 384-3681 
ARKANSAS 
Tom Riley, Jr. 
Ext. Spec. Environmental 
Policy 
Sect. Leader Environ. & 
Natural Resources AR Coop. 
Ext. Service 
P.O. Box 391 
Little Rock, AR 72203 
PH: (501) 671 -2080 
FX: (501) 671 -2251 
EM: triley@uaex.edu 
CALIFORNIA 
Dr. David M. Crohn 
Asst. Professor and Extension 
Waste Management Specialist 
Dept. of Soil and 
Environmental Sciences 
University of California 
Riverside, CA 92521 
PH: (909) 787-3333 
FX: (909) 787-5522 
EM: david.crohn@ucr.edu 

COLORADO 
Dr. W. Dennis Lamm, Asst. Dir. 
Agriculture & Natural Res. 
Room 1, Administration Bldg. 
Colorado State University 
Coop. Ext. 
Fort Collins, CO 80523-0002 
PH: (970) 491-6281 
FX: (970) 491-6208 
EM: dlamm@vines.colostate.edu 
CONNECTICUT 
John Bartok 
Coop. Ext. Specialist 
Dept. of Res. Mgt. & Eng. 
University of Connecticut 
1376 Storrs Road 
Storrs, CT 06269-4087 
PH: (860) 486-2840 
FX: (860) 486-5408 
EM: 
jbartok@canr1.cag.uconn.edu 
DELAWARE 
Thomas Williams 
Ext. Spec., Water Quality 
055 Townsend Hall 
University of Delaware 
Newark, DE 19717-1303 
PH: (302) 831-2468 
FX: (302) 831-3651 
EM: 
thomas.williams@mvs.udel.edu 
DISTRICT OF COLUMBIA 
Dr. Maurice Dorsey 
State Prog. Ldr., CES 
Univ. of District of Columbia 
901 Newton Street, NE 
Washington, DC 20017 
PH: (202) 576-6951 
FX: (202) 576-8712 
EM: jhazel@eslusda.gov 
FLORIDA 
Dr. Wayne H. Smith 
Biomass Energy Systems 
Building 803, Room 11 
University of Florida 
Gainesville, FL 32611 
PH: (904) 392-1511 
FX: (904) 392-9033 
EM: whs@gnv.ifas.ufl.edu 
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GEORGIA 
Wayne J. McLaurin 
Ext. Horticulturist 
University of Georgia 
Athens, GA 30602 
PH: (706) 542-2340 
FX: (706) 542-2375 
EM: wmclauri@uga.cc.uga.edu 
GUAM 
Manuel V. Duguies 
Extension Veterinarian, CES 
College of Ag. & Life Sciences 
UOG Station 
Mangilao, Guam 96923 
PH: (671) 734-2575 
FX: (671) 734-6842 
HAWAII 
Dr. Ping-Yi Yang 
Ag. Engineering Ext. Spec. 
Dept. of Ag. Engineering 
Col. of Tropical Ag./Hum. Res. 
University of Hawaii 
3050 Maile Way, Gilmore 203 
Honolulu, Hl 96822 
PH: (808) 956-9459 
FX: (808) 956-6442 
EM: agng8uhunix.uhcc 
IDAHO 
Dr. Robert Rynk 
Biological and Agricultural 
Engineering 
Engineering/Physics Bldg. 
University of Idaho 
Moscow, ID 83844-0904 
PH: (208) 885-7626 
FX: (208) 885-8923 
EM: rrynk@uidaho.edu 
ILLINOIS 
Kathleen Brown 
Ext. Spec., Solid Waste Mgt. 
University of Illinois CES 
P.O. Box 575 
Macomb, IL 61455 
PH: (309) 836-3366 
EM: brownk@idea.ag.uiuc.edu 
INDIANA 
Oscar Hopkins 
Rural Development Spec. 
Krannert Building 
Purdue University 
West Lafayette, IN 47907 
PH: (317) 494-0594 
FX: (317) 494-5876 
EM: cp1@mace.cc.purdue.edu 

IOWA 
Dr. Tom Glanville 
Dept. of Ag. & Biosystems 
Engineering 
200A Davidson Hall 
Iowa State University 
Ames, IA 50011-3080 
PH: (515) 294-0463 
FX: (515) 294-9973 
EM: tglanvil@iastate.edu 
KANSAS 
Dr. William Eberle 
Ext. Spec., Land Resources 
2014 Throckmorton Hall 
Kansas State University 
Manhattan, KS 66506-5504 
PH: (913) 532-5776 
FX: (913) 532-6315 
EM: weberle@oz.oznet.ksu.edu 
KENTUCKY 
Dr. Richard Warner 
Dept. of Ag. Engineering 
217 Ag. Engineering Bldg. 
Lexington, KY 40546-0276 
PH: (606) 257-3000, ext. 217 
FX: (606) 257-5671 
EM: rwarner@aen.uky.edu 
LOUISIANA 
Rod Hendrick 
Specialist for Solid Waste 
268H Knapp Hall 
University Station 
Baton Rouge, LA 70803 
PH: (504) 388-6998 
FX: (504) 388-2478 
EM: xtbran@lsuvm.sncc.lsu.edu 
MAINE 
Richard Verville 
Ext. Educator Cty. Officer 
UMCE 
125 State St. 
Augusta, ME 04330 
PH: (207) 622-7546 
FX: (207) 581-3304 
EM: dickv@umce.umext.maine.edu 

B-2 



PWTB 420-49-14 
15 AUGUST 2000 

MARYLAND 
Herbert L. Brodie 
Extension Agricultural 
Engineer 
Dept. of Biological Resources 
Engineering University of 
Maryland 
4701 Cliff City Road 
Chestertown, MD 21620 
PH: (410)778-7676 
FX: (410)778-9075 
EM: hb23@umail.umd.edu 
MASSACHUSETTS 
Gisela Walker 
Coop. Ext. Specialist 
Stockbridge Hall, Rm 218 
Amherst University 
Amherst, MA 01003 
PH: (413) 545-2188 
FX: (413) 545-6555 
EM: gwalker@umass.coopext.edu 
MICHIGAN 
Howard Person 
Ag. Engineer 
225 Farrall, Ag. Eng. Hall 
Michigan State University 
East Lansing, Ml 48824-1323 
PH: (517) 353-4619 
FX: (517) 353-8982 
EM: person@msuces.canr.msu.edu 
MINNESOTA 
Tom Halbach 
Water Quality & Waste Mgt. 
216 Soils Bldg. 
1529 Gortner Ave. 
University of Minnesota 
St. Paul, MN 55108 
PH: (612) 625-3135 
FX: (612) 625-2208 
EM: thalbach@mes.umn.edu 
MISSISSIPPI 
Dr. Joseph Schmidt 
Comm. Dev. Specialist 
Mississippi Coop. Ext. Service 
P.O. Box 5446 
Mississippi State, MS 39762 
PH: (601) 325-3141 
FX: (601) 325-8407 
EM: joes@mces.msstate.edu 

MISSOURI 
Marie E. Steinwachs 
Household Hazardous Waste 
Project 
1031 E. Battlefield, Suite 214 
Springfield, MO 65807 
PH: (417) 889-5000 
EM: steinwam@ext.missouri.edu 
MONTANA 
Dr. Michael P. Vogel 
Extension Housing Spec. 
Taylor Hall 
Montana State University 
Bozeman, MT 59717 
PH: (406) 994-3451 
FX: (406) 994-5417 
EM: acxmv@msu.oscs.montana.edu 
NEBRASKA 
Wayne Woldt 
253 L.W. Chase Hall 
University of Nebraska-Lincoln 
Lincoln, NE 68583-0726 
PH: (402) 472-8656 
FX: (402) 472-6338 
EM: bsen010@unlvm.unl.edu 
NEVADA 
Janet Usinger 
College of Agriculture/222 
University of Nevada, Reno 
Reno, NV 89557-0004 
PH: (702) 784-6611 
FX: (702) 784-4227 
EM: usingerj@fs.scs.unr.edu 
NEW HAMPSHIRE 
Bruce Marriott 
Program Leader Ag. Resource 
UNH Cooperative Extension 
122 Taylor Hall 
University of New Hampshire 
Durham, NH 03824 
PH: (603) 862-2033 
FX: (603) 862-1585 
EM: b_marriott.unh.edu 
NEW JERSEY 
Jonathan Forsell 
Agricultural/Resource 
Management Agent 
15 South Munn Ave. 
East Orange, NJ 07018 
PH: (201) 678-7988 
FX: (201) 676-9826 
EM: essex@aesop.rutgers.edu 
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NEW MEXICO 
George Dickerson 
Ext. Hort. Spec. 
9301 Indian School Rd., NE 
Suite 201 
New Mexico State University 
Albuquerque, NM 87112 
PH: (505) 275-2576 
FX: (505) 292-9815 
NEW YORK 
Tom Richard 
Senior Research Support Spec. 
207 Riley Robb Hall 
Cornell University 
Ithaca, NY 14853 
PH: (607) 255-2488 
FX: (607) 255-4080 
EM: tlr2@cornell.edu 
NORTH CAROLINA 
Jim Shelton 
Mountain Hort. Crops 
Research & Ext. Center 
2016 Fanning Bridge Rd. 
Fletcher, NC 28732-9216 
PH: (704) 684-3562 
FX: (704) 684-8715 
NORTH DAKOTA 
Ron Smith 
Ext. Horticulturalist 
P.O. Box 5658 
Loftspaurd Hall 
North Dakota State University 
Fargo, ND 58105 
PH: (701) 237-8161 
FX: (701) 237-8474 
NORTHERN MARIANAS 
Ed R. Demers 
Waste Management Consultant 
P.O. Box 1250 
Agriculture and Life Sciences 
Northern Marianas College 
Saipan, MP 96950 
PH: () 234-9023 
FX: () 234-0054 
OHIO 
Dr. Joe Heimlich 
Extension CNRD 
2120 Fyffe Road 
Columbus, OH 43210 
PH: (614) 292-8436 
FX: (614) 292-7443 
EM: heimlich.l@agvax2.ohio-
state.edu 

OKLAHOMA 
Dr. Gerald Doeksen 
Dept. of Ag. Economics 
508 Agriculture Hall 
Oklahoma State University 
Stillwater, OK 74078 
PH: (405) 744-6081 
FX: (405) 744-8210 
EM: gad@okway.okstate.edu 
OREGON 
Michael Bauer 
1421 S. Hwy 97 
Redmond, OR 97756 
PH: (541) 548-6088 
FX: (541) 548-8919 
EM: bauerm@oes.orst.edu 
PENNSYLVANIA 
Dr. Robert E. Graves 
Professor of Ag. Engineering 
The Pennsylvania State Univ. 
246 Ag. Engineering Bldg. 
University Park, PA 16802 
PH: (814) 865-7155 
FX: (814) 863-1031 
EM: reg2@psu.edu 
PUERTO RICO 
Dr. Sarah Toledo 
Ext. Specialist 
Housing, Energy & Environment 
Ag. Extension Service 
Reparto Piinero #34 
Guaynabo, PR 00969 
PH: (809) 720-3946 
FX: (809) 767-8730 
 
Gloria C. Pico 
Regional Extension Agent 
Agricultural Extension Service 
P.O. Box 21120 
San Juan, PR 00928-1120 
PH: (787) 751-1784 
FX: (787) 250-8659 
EM: gpico@seam.upr.clu.edu 
RHODE ISLAND 
Dr. W. Michael Sullivan 
Plant Science Dept. 
College of Res. Dev. 
University of Rhode Island 
Kingston, Rl 02881 
PH: (401) 792-4540 
FX: (401) 792-2494 
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SOUTH CAROLINA 
Dr. Francis J. Wolak 
Extension Ag. & Bio. Engineer 
222 McAdams Hall 
Clemson University 
Clemson, SC 29634-0357 
PH: (864) 656-4075 
FX: (864) 656-0338 
EM: fwolak@clemson.edu 
SOUTH DAKOTA 
Larry Tideman 
Ag. Natural Resources 
Program Leader 
Room 152 Agriculture Hall 
P.O. Box 2207D 
South Dakota State Univ. 
Brookings, SD 57007 
PH: (605) 688-4147 
FX: (605) 688-6347 
TENNESSEE 
Dr. Thomas Samples 
Ext. Turf Grass Specialist 
P.O. Box 1071 
University of Tennessee 
Knoxville, TN 37901 
PH: (615) 974- 1840 
FX: (615) 974-2765 
TEXAS 
Marty Baker 
Associate Professor and 
Extension Horticulturist Texas 
Agricultural 
Extension Service 
P.O. Box 38 
Overton, TX 75684 
PH: (903) 834-6191 
FX: (903) 834-7140 
EM: ml-baker@tamu.edu 
 
Edith A. Chenualt 
Assistant Professor and 
Communications Spec. Texas Ag. 
Extension Service 
Agricultural Communications 
Mail Stop-2112 
Texas A&M University 
College Station, TX 77843-2112 
PH: (409) 847-9318 
FX: (409) 845-2214 
EM:echenualt@taexco3n.tamu.edu 

UTAH 
Dr. Kitt Farrell-Poe 
Ag. Systems Tech. & Ed. Dept. 
Utah State University 
Logan, UT 84322-2300 
PH: (801) 750-3389 
FX: (801) 750-3268 
VERMONT 
Vern Grubinger 
State Spec. Sus. Ag. 
Small Fruits & Veg. 
411 Western Ave. 
P.O. Box 2430 
W. Bradttleboro, VT 05303 
PH: (802) 257-7967 
FX: (802) 257-0112 
VIRGINIA 
Gregory K. Evanylo 
424 Smyth Hall 
Crop & Soil Environmental 
Sciences 
Virginia Tech 
Blacksburg, VA 24061-0403 
PH: (540) 231-9739 
FX: (540) 231-3075 
EM: gevanylo@vt.edu 
VIRGIN ISLANDS 
Dr. J. Keularts 
UVI/CES Program Supervisor 
RR #2, Box 10,000 
Kingshill, St. Croix 
USVI 00850 
PH: (809) 778-0246 
FX: (809) 778-6570 
WASHINGTON 
Dan Sullivan 
Assoc. Soil Scientist 
Puyallup Res. & Ext. Center 
7612 Pioneer Way East 
Puyallup, WA 98371-4998 
PH: (206) 840-4558 
FX: (206) 840-4669 
WEST VIRGINIA 
W. Edgar Hooper 
Extension Specialist 
Waste Mgmt. & Ext. Prof. 
2104 Ag. Sci. Building 
P.O. Box 6108 
Morgantown, MV 26506-6108 
PH: (304) 293-3408 
FX: (304) 293-6954 
EM: hooper@wvnvms.wvnet.edu 
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WISCONSIN 
Dr. Pat Walsh 
Prog. Lead. & Waste Mgmt. 
Spec. 
University of Wisconsin - 
Extension 
Comm. Nat. Resource & Economic 
Dev. 
432 North Lake Street, Room 
625 
Madison, WI 53706 
PH: (608) 262-1748 
FX: (608) 262-9166 
EM: walshp@wisplan.uwex.edu 
WYOMING 
Joe Hiller 
Assistant Director 
Agriculture and Natural 
Resources 
P.O. Box 3354 
University of Wyoming 
Laramie, WY 82071 
PH: (307) 766-5479 
FX: (307) 766-3998/6403 
EM: jhiller@uwyo.edu 

USDA -CSREES 
Annette Widener 
Waste Management Contact 
329 Aerospace Center 
Ag Box 2210 
Washington, DC 20250-2210 
PH: (202) 401-4601 
FX: (202) 401-1706 
EM: awidener@reeusda.gov 

d. Websites.  A few web sites on composting with compost 
information and links to other related sites: 

US Army, Office of the Director, Environmental 
Programs—ACSIM 

http://www.hqda.army.mil/webs/acsimweb/env/env1.htm 

Cornell University Compost Site 

Much technical information and further resources. 

http://www.cals.cornell.edu/dept/compost/ 

Rot Web 

Provides information on a variety of issues related to 
home composting.  Includes a list of home composting 
publications and links to other sites. 

http://net.indra.com/~topsoil/Compost_Menu.html 

The Composting Resource Page 

Provides access to information on composting from 
backyard to large scale systems.  Includes an 
interactive bulletin board for questions and 
answers, and a list of vendors. 

http://www.oldgrowth.org/compost 
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Compost Correspondence Course 

This course is sponsored by the University of 
Wisconsin-Madison. 

gopher://epd_hp9k.engr.wisc.edu:70/11/iscourses/compost
ing 

USEPA Non-Hazardous Solid Waste 

http://www.epa.gov/epaoswer/non-hw/index.htm 
e. Organizations 

The Composting Council (a trade and professional 
organization) 

114 South Pitt Street 

Alexandria, Virginia 22314 

703-739-2401 

703-739-2407 (fax) 

e-mail: ComCouncil@aol.com
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